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National Exams May 2018

04-Geol-Ad, Structural Geology

3 hours duration

NOTES:

1. If doubt exists as to the interpretation of any question, the candidate is urged to
submit with the answer paper, a clear statement of any assumptions made.

2. This is a CLOSED BOOK EXAM.
One of two calculators is permitted - any Casio or Sharp approved model.

3. All questions constitute the complete exam paper. (100 marks)

4. Some questions require an answer in short answer or short essay format with figures
as appropriate. Clarity and organization of the answer are important.
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QUESTION A. (20 Marks)

[1 mark per correct answer ; -0.5 marks for an incorrect answer;  blanks = 0]
Answer all of the following T (True) or F (False) next to the number.
1. Rocks that have undergone purely dip slip faulting can show evidence of strike separation.

2.  Axial planar cleavage of a fold forms during the homogeneous strain stage of fold
development.

3. The fold axis connects points of maximum curvature for non-cylindrical folds.
4. In theory, buckling involving flexural slip folding produces only Class 1B folds.
5. Stress traction refers to stress at a point.

6. Mode 1 fractures only form perpendicular to o1.

7. Mode 2 fractures have displacement perpendicular to the fracture front.

8. A Mode | fracture may form from either positive or negative normal stresses.

9. For ideally plastic material strain is linearly related to stress.

10. An intersection lineation between bedding and cleavage provides the orientation of the axial
surface.

11. Solid state diffusion involving Nabarro-Herring creep occurs along grain boundaries.
12. The same bedding contact can intersect the axial planar cleavage of a fold only once.

13. An intersection lineation between bedding and cleavage provides the orientation of the axial
surface.

14. Lines that represent the principal strain axes were perpendicular before the strain.

15. Finite strain represents the total accumulation strain for a given period of time.

16. The stress tensor can be fully defined by 6 different components of stress.

17. A screw dislocation is oriented parallel to the Burgers vector.

18. The yield point in a rock deformation experiment is the onset of inelastic deformation.
19. Principal strain axes for simple shear have some component of net angular shear.

20. Plane strain is a product of non-coaxial strain.
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QUESTION B. (4 marks each: 20 marks)

Briefly explain the fundamental difference between the terms in each of the following groups. In
many cases a well-labeled sketch will save many words. It is important to demonstrate the
meaning of the terms in the answer:

(1) Stress versus Strain /4

(2) Traction versus Stress Tensor /4

(3) Fold Axis versus Fold Hinge /4

(4) FaultSlip versus Fault Separation /4

(5) Coaxial strain versus Non-coaxial strain /4
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QUESTION C. (30 marks)

(1) The shear zone below is Im wide and has had approximately 10m of dextral slip.

|

(a) What is the angular shear (y) and shear strain (y) of the shear zone? {assume an initially
perpendicular marker across the shear zone (i.e. dotted line) has had one end displaced 10m

relative to the other} /4
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(b) What is the elongation (e) of the offset marker? /2

(2) The sketch below comes from a deformed bedding plane that is covered with brachiopods.
Recall that the angle between the hinge and the bisector of living brachiopods is always 90°.
A geologist noted that some of the brachiopods still have a 90° hinge angle but others have a
distinctly different angle. Does this observation imply that the region has undergone
heterogeneous or homogeneous strain? Explain. /4

)
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(3) Referring to the sketch below:
(a) Fully name the fault that cuts the vertical road cut shown below. /2

(b) What is the approximate stratigraphic throw in metres at point A? /2

Cretaceous =C
o
Ue-" {3—
239m|| .°, P
’ e O Vi e S B L =1
. e RS NSy FIU R T Moo B Sa N
s R 2o N 22N SIN SO BN YN SN P h D¢
1 S L ASL AT L AL AS LAY AL AL AT,
b ™ L A1 LAT LA AT LA LAT LA LT
2 & A loh Se B Sa BEC > Sl h TH N SN S, NS
h'\‘;: = i e e
187m| | "< 7
LA
NS
77m
110m |
fliz | =3
175m | e wy L. TRV A SR ). . ) T S TR T A X )
i ! 7 Road surface 7
Jurassic M 22 -

(4) Using the sketches provided:
(a) Please name the type of dislocation, identify the glide plane, and determine the Burgers
vector (make sure you include the direction of the Burgers vector). /4

(b) Please name the type of dislocation and determine the Burgers vector (make sure you
include the direction of the Burgers vector). /2
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(5) For the line drawing below, identify the sense of shear. Circle and name three different types
of shear sense indicators that support your interpretation. /4
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(6) Ductile faulting is recognized to be very common in the middle and deep crust.
Draw a ductile fault zone with an offset marker (e.g., a dike). /2
In the drawing, show a possible fabric trajectory across the zone with associated strain
ellipses if the shearing is most intense in the centre and weakens outward from the centre of

the shear zone. /4
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QUESTION D. (10 marks)

(1) Using the map below — Points A, B and C are outcrops of a coal seam.

(a) Assuming the coal seam in perfectly planar, determine the attitude of the coal seam (i.e. strike and
dip). /5

(b) Determine the outcrop pattern for the coal seam. /5
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QUESTION E. (20 marks)

(1) Intuitively, it seems reasonable that a preexisting plane of weakness should significantly
compromise a rock’s strength, i.e., reduce its resistance to failure.
Using a fully labeled Mohr diagram of stress, explain the difference between the Coulomb
Failure Criterion and Byerlee’s Law. Be sure to include the equation specific to each failure

criterion. /5

(2) Using another Mohr diagram of stress, answer the following question: Is there ever a
situation where it is more favorable for failure to occur along a new fracture rather than along

a preexisting plane of weakness? /5



Page 9 of 9

04-Geol-A4/May 2018

(3) Please answer the following questions using the data plotted from a cylindrical fold on a
lower hemisphere equal-area net below.

(a) What is the orientation of the Pi circle? /2

(b) What is the orientation of the Pi axis? /2

—
B -
m = HH
= = i
O e d Wiy
= - i
= = =
< amws Emmme
2 mamg eaaEan
m Hll.l.l I.l.ll““l
o 7] s Es nEEE Euy Smnon R
- e - ; - =
o o mmns ERmgg, SEam e
~ R as REESE Tl -
- 7 2 CRmmEEET BNE Ean e s
Q ] sasssx BBty snuEE Emmmn SaSaase
c 9 SosEss Iomun s B RS Ban s Ay
.ka LIH o e S B
Q. < = Ranass
O
o] = HEmEEme -
S 3 Sissiiseaas Siz
Q > SIESEmaanEEam BEsam=s=SCoss
k= © S NSRS ES EnEEEE A w2
i s S Snmme SWEED B mmmn 5
] = S unme s mEs EEET, o0
g SEaas s mmzARSCe
S g wr ..... e
= et 1] pmams b
3 ..M SMnmg ==
5 = S=zi
o i =
St -.Ha. "
e ) o ;
Q = =
h hd bt
— [} -1.“..1
© O > na
52, = 3
S 9 =
K= 8 ;
- =
~~ amny
3 =
N N’

0 Poles to bedding

Axial trace measurement



